The Solis clear sky model is a new scheme based on radiative transfer calculations and the Lambert-Beer relation. When used on large geographical scale to convert meteorological satellite images into radiation data, the radiative transfer calculations are too computer time consuming. To circumvent this problem, a broadband simplified analytical version of the Solis model is presented in this note. The accuracy for the clear sky beam, global and diffuse irradiance components compared to the original model are, respectively, 1%, 2% and 5% with no bias.
Introduction
The knowledge of the clear sky irradiance reaching the ground is a key parameter in the field of solar radiation modeling and evaluation. Many empirical and physical models can be found in the literature (i.e. Bird and Huldstrom, 1980; Geiger et al., 2002; Gueymard, 1989 Gueymard, , 2004 Kasten, 1980; Molineaux et al., 1998; Rigollier et al., 2000) , they are well validated and have an accuracy of the order of 30 W m À2 for the three components (Ineichen, 2006 ). The Solis model (Mueller et al., 2004) was developed within the frame of the European project Heliosat-3 and is used as normalization function in the Meteosat satellite irradiance evaluation process. It is a spectrally resolved physical model, based on radiative transfer model (RTM) calculations, it needs atmospheric water vapor column and aerosol content as main input parameters. These two parameters can be retrieved, for example, from the Aerosol Robotic Network (www.aero-net.org), Soda data bank (www.helioclim.net) or Meteonorm program (www.meteonorm.com).
This technical note presents a broadband simplified version of the model to avoid the time consuming RTM calculations and can therefore be used in real time processes, such as irradiance mapping or solar systems output supervision. The scheme is used to derive the radiation components from the GOES satellites in the US (George et al., 2007) . (Mueller et al., 2004) The knowledge of the aerosol and water vapor content of the atmosphere makes evaluation of the clear sky irradiance possible with Solis, a model based on radiative transfer calculations. The basis of the model is the LambertBeer relation:
Solis model
where I o is the extraterrestrial irradiance, I bn the normal beam irradiance reaching the ground, M the optical air mass and s the total atmospheric optical depth. This expression of the atmospheric transmittance is valid for monochromatic radiation, and the optical depth is then constant over the air mass range. Due to the non-linear nature of the exponential function, the Lambert-Beer relation has to be modified to extend the expression to wavelength bands; it takes then the following form:
where h is the solar elevation angle and b the fitting parameter obtained from RTM calculations at two different solar elevation angles. When dealing with global irradiance, the Lambert-Beer relation is no longer applicable because of the back scatter effects, but remains a relatively good approximation, and
is a good fitting function for the horizontal global irradiance (Mueller et al., 2004) . The source of the incoming diffuse irradiance is the attenuation of the beam radiation due to scattering process and it cannot be described in term of attenuation of the incoming radiation. Nevertheless, skipping the sin h term, the modified Lambert-Beer relation also works well:
At high aerosol load, I o has to be enhanced for the global and diffuse irradiance calculations, and a common modified I 0 o irradiance is defined for the three radiation components. The final expression of the model has then the following form: global and diffuse components. The model is fully described, justified and validated in Mueller et al. (2004) and Ineichen (2006) .
Simplified model
RTM calculations are computer time consuming and are difficult to implement in a real time process, like in the evaluation of solar irradiance from satellite images on a large geographical scale.
To circumvent this problem, RTM calculations are done for a wide range of altitudes and atmospheric conditions to obtain the Solis model parameters, and a best fit is then conducted on the I 0 o , b, g and d with respect to the atmospheric aerosol and water vapor content, and the altitude (the ozone content is taken constant at 340 Dobson units and the aerosol type as urban). This includes more than 900 combinations. The aerosol optical depth used in the fits is taken at 700 nm, this is motivated by its broadband and monochromatic equivalence at this wavelength (Molineaux et al., 1998) . The model parameters can then be calculated analytically instead of RTM calculations, and the clear sky irradiances obtained from the above equations. The range of altitude and atmospheric parameters used to conduct the best fit are the following: sea level < altitude < 7000 m 0 < aod 700 < 0.45 0.2 cm < w < 10 cm where w is the water vapor column in cm and aod 700 is the aerosol optical depth at 700 nm. The formulation of the different model parameters are given in Appendix, and the fitting statistics in Table 1 . It has to be noted here that these statistics concern the transition from RTM calculations to the simplified version, and not from measurements to model. The latter statistics are given in Ineichen (2006) .
The final products of the simplified model are the clear sky irradiance components, and these have to be evaluated and compared to the original RTM Solis model. This is done for the normal and horizontal beam components, the horizontal global and diffuse components, and the diffuse obtained by subtraction of the horizontal global and beam irradiances. The statistics of the validation are given in Table 2 and illustrated in Figs. 1 and 2 for, respectively, the normal beam and the diffuse irradiance for the typical value of optical air mass M = 2. The fitted coefficients are independent from air mass and a validation on other air mass values gives the same results.
For all of the irradiance components, the bias is negligible (less than 2 W m À2 ), the standard deviation is 10 W m À2 for the normal beam irradiance, and 3 W m
À2
for all the other components. The 3-dimensional graph in Fig. 3 shows the broadband atmospheric optical depth s (Eq. (1)) obtained with the present simplified model versus the atmospheric water vapor content and the aerosol optical depth at 700 nm.
Conclusion
In order to minimize the clear sky irradiances evaluation time when needed on a large geographical scale, a simplified version of the RTM based Solis model is developed. The driving coefficients of the model are calculated from analytical expressions instead of being retrieved from RTM calculations.
The input parameters are the atmospheric aerosol optical depth and water vapor column, while the ozone content is taken constant at 340 Dobson units and the aerosol type as urban. Evaluated on a large range of input parameters, the irradiances obtained with the simplified version are within 1% for the global component, 2% for the beam component and 5% for the diffuse component, with a negligible bias (<2 W m À2 ), all this compared to the original RTM Solis model. 
